The study aims at scientifically investigating the genetic effect of four polymorphisms (rs7975232, rs1544410, rs2228570, and rs731236) within the human Vitamin D Receptor (VDR) gene on the odds of psoriasis through an updated meta-analysis. Methods: We searched eight databases and screened the studies for pooling. Finally, a total of eighteen eligible case-control studies were included. BH (Benjamini & Hochberg) adjusted P-values of association (P association ) and odd ratios (ORs) with the corresponding 95% confidence intervals (CIs) were calculated under the allele, homozygote, heterozygote, dominant, recessive, and carrier models.
Background
Vitamin D Receptor (VDR) protein, a member of the nuclear receptor superfamily of ligand-activated transcription factors, is thought to be implicated in several cell biological events (e.g., calcium and phosphate homeostasis, cell differentiation and apoptosis) [1, 2] . The human VDR gene is mapped on chromosome 12 and contains four common polymorphisms, namely rs7975232 A/C in intron eight (ApaI) rs1544410 G/A in intron eight (BsmI), rs2228570 T/ C in exon two (FokI), and rs731236 T/C in exon nine (TaqI) [3] [4] [5] . In addition, linkage disequilibrium exists among the rs7975232, rs1544410, and rs731236 polymorphisms [6, 7] . Here, we investigated the possible role of VDR rs7975232, rs1544410, rs2228570, and rs731236 polymorphisms in the susceptibility to psoriasis disease.
Psoriasis is a type of chronic inflammatory immunemediated disease with discrete, erythematous scaly plaques on the skin, and is characterized by the abnormal proliferation of keratinocytes and disordered maturation of the epidermis [8] [9] [10] . Genetic factors are potentially linked to the occurrence or pathogenesis of psoriasis [11, 12] . We observed the open questions of the association between the VDR polymorphisms and psoriasis susceptibility among different populations. For instance, the rs7975232 polymorphism of VDR was reportedly associated with the psoriasis risks in the Korean population [13, 14] , Chinese population [15] , or Turkish population [16, 17] . However, the VDR rs7975232 polymorphism was not considered a risk factor for psoriasis cases in Japan [18] , Italy [19] , Croatia [20] , or Egypt [21] . Therefore, it is meaningful to conduct a meta-analysis to pool the relevant data for a comprehensive assessment of this issue. Even though a recent meta-analysis was conducted by searching three databases in February 2018 [3] , the publication of possible new data, different database retrieval, data collection and analysis strategies led us to perform another updated comprehensive pooling analysis and a series of followed stratification analysis, of gene-disease association up to August 18, 2019.
Methods

Database retrieval
Referring to the HuGENet™ HuGE Review Handbook, version 1.0, we retrieved the relevant publications from eight online databases, including PubMed, Web of Science (WOS), Excerpta Medica Database (EMBASE), China National Knowledge Infrastructure (CNKI), WANFANG, OVID, Scopus and Cochrane, up to August 18, 2019, without any restrictions regarding geographical, language or publication time. We provided the searching terms in Additional file 1: Table S1 .
Inclusion and exclusion criteria
Three investigators (J. Li, L. Sun, and J. Sun) designed the inclusion and exclusion criteria, independently screened the above articles, and evaluated the eligibility. Inclusion criteria: (1) comparing psoriasis cases versus negative controls; (2) detecting the VDR polymorphisms;
(3) containing the major/minor allele frequency or completed genotype distribution. Exclusion criteria: (1) nonhuman studies; (2) reviews; (3) meeting or conference abstracts; (4) meta-analyses; (5) other diseases; (6) other genes; (7) expression or non-single nucleotide polymorphism (SNP); (8) duplicate or overlapped data.
Data collecting
Two investigators (J. Li and L. Sun) designed a form and independently collected the information, including the first author, publication year, ethnicity, source of controls, gender, age, calcipotriol response, family >Based on the "meta-analysis of binary data" function of STATA 12.0 software, we obtained the I 2 value (variation in ORs attributable to heterogeneity) and P-value of heterogeneity. When P-value < 0.05 or the I 2 value > 50%, we utilized the random-effect pooling model (DerSimonian and Laird method); Otherwise, we used a fixed-effect model (Mantel-Haenszel method). To assess data stability and the source of potential heterogeneity, we conducted a series of subgroup analyses based on the factors of the control source, ethnicity, country, HWE, and genotyping method.
We performed the sensitivity analyses under all the genetic models, through the "influence analysis, metanbased (metaninf)" function of STATA 12.0 software. Upon the exclusion of each study one by one, the lack of largely affected meta-analysis estimates in figures suggested the statistical stability of data. If not, the omitted studies are deemed as the source of heterogeneity.
Tests for publication bias
We also performed the Begg's test and Egger's test to evaluate the potential publication bias through the "Publication Bias (metabias)" function of STATA 12.0 software. Begg's funnel plot and Egger's publication bias plot were generated, respectively. The basically symmetrical funnel plot, P-values for Begg's test and Egger's test greater than 0.05 indicate the absence of larger publication bias.
Results
Case-control study identification Figure 1 presents the flow chart of study identification. We first retrieved 1955 records from eight on-line databases [PubMed (n = 251), EMBASE (n = 342), WOS (n = 451), CNKI (n = 54), WANFANG (n = 6), OVID (n = 684), Scopus (n = 141) and Cochrane (n = 26)]. We then screened a total of 705 records after removing duplicate records from different databases. Next, we excluded an additional 620 records per the exclusion criteria. The detailed information was shown in Fig. 1 . After assessing the eligibility of 85 full-text articles, we removed an additional 67 articles with "expression or non-SNP" data. Finally, we included a total of 18 case-control studies [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] for our metaanalysis. We also summarized and listed the genotypic distribution (Table 1 ) and clinical characteristics, (Additional file 2: Table S2 ). No low-quality studies with a NOS quality score ≥ five were included in this analysis (Additional file 3: Table S3 ).
VDR rs7975232 polymorphism
There are a total of thirteen case-control studies with 1654 cases and 1991 controls for the meta-analysis of the VDR rs7975232 polymorphism and psoriasis susceptibility. The heterogeneity under the carrier C vs. A model ( Table 2 , I 2 = 42.3%, P heterogeneity = 0.053) led to the utilization of a random-effects pooling model, and a fixedeffects pooling model was utilized for the other genetic models. Pooling results of Table 2 showed no statistically significant difference in the odds of psoriasis between cases and controls under the following six genetic models: allele C vs. A [P association (P-value of association) =0.640, BH-adjusted P association = 0.960], homozygote CC vs. AA (P association = 0.585, BH-adjusted P association = 0.960), heterozygote AC vs. AA (P association = 0.370, BH-adjusted P association = 0.960), dominant AC + CC vs. AA (P association = 0.356, BH-adjusted P association = 0.960), recessive CC vs. AA+AC (P association = 0.928, BH-adjusted P association = 0.977), and carrier C vs. A (P association = 0.977, BH-adjusted P association = 0.977). Figure 2 presents the forest plot under the allele model. We also performed subgroup meta-analyses based on the factors of control source, ethnicity, country, HWE, and genotyping method. We observed no significant differences between cases and controls in any subgroup (Table 2, all P association > 0.05, BH-adjusted P association > 0.05) except the subgroup of "China" under the carrier model (P association = 0.020, BH-adjusted P association = 0.120, OR = 1.23). Additional file 4: Figure S1 and Additional file 5: Figure S2 show the forest plots in the subgroup analysis by the factors of ethnicity and the source of controls (allele model). These results suggested that the VDR rs7975232 polymorphism has no significant influence on the susceptibility to psoriasis.
VDR rs1544410 polymorphism
For VDR rs1544410, thirteen studies containing 1620 cases/2001 controls were included. A random-effects pooling model was used for the allele A vs. G ( Table 3 , I 2 = 54.9%, P heterogeneity = 0.009), whereas a fixed-effects pooling model was utilized for the others (all I 2 < 50.0%, P heterogeneity > 0.05). We did not observe the statistical differences between cases and controls under any genetic model during the overall meta-analysis and subsequent (Table 3 , all P association > 0.05, BHadjusted P association > 0.05) with the exception of the "P HWE > 0.05" subgroup under the AA vs. GG + GA model (P association = 0.018, BH-adjusted P association = 0.108, OR = 0.99) and "PCR-RFLP" subgroup under the GG + GA vs. GG model (P association = 0.035, BH-adjusted P association = 0.144, OR = 1.46). Figure 3 presents a forest plot of the allele model in the overall meta-analysis, and Additional file 6: Figure S3 and Additional file 7: Figure S4 show the forest plots in the subgroup analysis by the factors of ethnicity and source of controls (allele model). These data suggested that the VDR rs1544410 polymorphism seems not to be linked to the psoriasis susceptibility.
VDR rs2228570 polymorphism
A total of eight studies involving 1308 cases/1253 controls were enrolled for meta-analysis of VDR rs2228570.
A fixed-effect pooling model was utilized for the TC vs. TT ( Table 4 , I 2 = 46.2%, P heterogeneity = 0.84), whereas a random-effects pooling model was used for the others (all I 2 > 50.0%, P heterogeneity < 0.05). As shown in Table 4 , no statistically significant association was detected in the overall meta-analysis and subsequent subgroup analysis (P association > 0.05, BH-adjusted P association > 0.05). Figure 4 shows the forest plot under the allele model, and Additional file 8: Figure S5 and Additional file 9: Figure S6 show the forest plots in the subgroup analysis by the factors of ethnicity and source of controls (allele model). These findings indicated that VDR rs2228570 might not be associated with the risk of psoriasis.
VDR rs731236 polymorphism
During the meta-analysis of VDR rs731236 containing 1690 cases/1857 controls, a random-effect model was used for the allele C vs. T (P heterogeneity = 0.034), TC vs. TT (P heterogeneity = 0.043) and TC + CC vs. TT (I 2 = 50.7%, P heterogeneity = 0.027), and a fix-effect model was applied for others (all I 2 < 50.0%, P heterogeneity > 0.05). As shown in Table 5 , no differences between cases and controls were detected in all analyses ( Table 5 , all P association > 0.05, BH-adjusted P association > 0.05). Figure 5 presents the forest plot of the allele model, and Additional file 10: Figure S7 and Additional file 11: Figure S8 show the forest plot in the subgroup analysis by the factors of ethnicity and source of controls (allele model). As a result, VDR rs731236 polymorphism is not significantly associated with the odds of psoriasis disease.
Sensitivity analysis and publication bias
We did not observe largely altered meta-analysis estimates in the results of our sensitivity analysis (Fig. 6 for the allele model; and other data not shown), suggesting the statistical reliability of pooling results. We also conducted the Begg's and Egger's tests to assess the potential publication bias. As shown in Table 6 , the P-value of Begg's and Egger's test was greater than 0.05 under all the above genetic models. Additional file 12: Figure S9 and Additional file 13: Figure S10 show the Begg's funnel plots and Egger's publication bias plots under the allele model. We observed basically symmetrical funnel plots. Therefore, there is no large publication bias in our study.
Discussion
In the current study, we searched eight online electronic databases, including PubMed, EMBASE, WOS, CNKI, WANFANG, OVID, Scopus and Cochrane (up to August 18, 2019) , to enroll a total of 18 casecontrol studies. Based on the currently available data, we conducted a series of overall meta-analysis and subgroup analysis to evaluate the genetic relationship regarding VDR rs7975232, rs1544410, rs2228570, and rs731236 polymorphisms and psoriasis susceptibility.
Here, we used the "RS" naming, the most common polymorphism nomenclature in the single nucleotide polymorphism database (dbSNP), rather than the name of restriction enzymes in polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay, namely ApaI, BsmI, FokI, and TaqI. Moreover, six genetic models, including allele, homozygote, heterozygote, dominant, recessive, and carrier models, were employed. BH correction method was also utilized to adjust the P-values obtained from the multiple comparisons. In our updated meta-analysis of VDR rs7975232, we enrolled thirteen case-control studies for pooling and did [14, 16-18, 21, 24] for a meta-analysis regarding the association between the VDR rs7975232 polymorphism and psoriasis susceptibility [31] . Data from the "Turkish" subgroup containing two case-control studies [16, 17] indicated a potential genetic correlation between the VDR rs7975232 polymorphism and psoriasis susceptibility [31] .
In 2013, Liu, J. L. et al. included eight case-control studies [14, 16-18, 20, 21, 24, 25] for an updated meta-analysis and only found a positive result under the dominant model (P association = 0.043) but not other genetic models [5] . In 2013, Stefanic, M. et al. performed another metaanalysis, which did not include one study [14] but added another study [13] , and reported no robust correlation between the VDR rs7975232 polymorphism and psoriasis risk [4] . In the present meta-analysis, we added four new studies [15, 19, 29, 30] in the overall population and subgroup meta-analyses based on the factors of the Fig. 5 The forest plot for VDR rs731236 polymorphism under the allele model control source, ethnicity, country, HWE and genotyping method under six genetic models. Our data failed to support the essential role of the VDR rs7975232 polymorphism in the odds of psoriasis, which is in line with the data of Lee, YH [3] .. For rs1544410, rs2228570, and rs731236 polymorphisms, compared with three previous meta-analyses [4, 5, 31] , we added four new eligible studies [15, 19, 29, 30] in our updated meta-analysis. Nevertheless, no statistically significant conclusions between VDR rs1544410, rs2228570 and VDR rs731236 polymorphisms and psoriasis susceptibility were observed. The conclusions regarding the genetic effect of VDR rs1544410, rs2228570, but not VDR rs731236 polymorphisms on the odds of psoriasis disease were consistent with the pooling results of Lee, YH [3] ., which contains sixteen studies [13, 14, [16] [17] [18] [19] [20] [21] [22] [24] [25] [26] [27] [28] [29] [30] . Subgroup analysis of "Caucasian" suggested that the VDR rs731236 polymorphism is linked to the risk of psoriasis in the Caucasian population under the recessive model, but not the allele, homozygote and dominant models [3] . In our updated study, we added another two new studies [15, 23] , and applied two more models, including heterozygote and carrier models. Apart from ethnicity, we also considered the factors of control source, country, and HWE in the subgroup analyses. However, no positive conclusion was observed in any comparison of VDR rs731236. The potential slight genetic effect of VDR rs731236 polymorphism in the high susceptibility to psoriasis in the Caucasian population was masked by the adding of more sample size, and the utilization of BH correction of P-value. Despite of this, we cannot exclude the VDR rs731236 polymorphism in the odds of psoriasis in the Caucasian population, the support of more case-control studies is required.
In this study, three investigators tried the best to reduce the potential bias during database retrieval, study selection, data extraction, and statistical analysis. However, some limitations should be addressed. First, less than ten case-control studies were included in the meta-analysis of the VDR rs2228570 in the overall population. In addition, only one case-control study of the African population [21] is included in the subgroup analysis of VDR rs7975232 and rs731236 by the factor of ethnicity. Given the lack of sufficient genotype data, we did not detect the potential genetic influence of the other VDR variants (such as rs4516035) or the combined variants of VDR and other relevant genes. Second, high heterogeneity between studies was detected in some analyses of VDR polymorphisms and psoriasis susceptibility. We observed a decreased level of between-study heterogeneity in some subgroups of "Asian" or "Caucasian", indicating that the factor of ethnicity may be implicated in the source of heterogeneity. Third, conflicting conclusions regarding the potential role of VDR polymorphisms in the partial resistance of psoriasis patients to calcipotriol therapy were reported [15, 16, 23, 26, 27] . We extracted the basic information regarding the gender, age, calcipotriol response, and family history within the included case-control studies; nevertheless, the lack of sufficient data did not support the preformation of the relevant stratification analysis or adjusted effect estimates. Increased sample sizes are still needed to investigate the genetic relationship between different VDR polymorphisms and the response of psoriasis patients to drug treatments.
Conclusions
Above all, based on the presently available case-control studies, our pooling analysis data and previous reports do not provide the robust statistical evidence linking VDR rs7975232, rs1544410, and rs2228570 polymorphisms with the odds of psoriasis. More case-control studies will be of assistance to us to further confirm the effect of the VDR polymorphisms on the psoriasis susceptibility in the Caucasian population. 
